In December 2010, two years after the first Perceptual Learning (PL) conference was held in Beijing, the 2nd meeting was held in Eilat, Israel. It was attended by a large group of researchers of Perceptual Learning who collectively, study its behavioral, computational and physiological characteristics. Sessions were largely informal and left time for discussions. The meeting was followed by this special issue, to which all interested colleagues were invited to submit.
PL had been one of the first topics that were systematically studied by psychophysicists. The huge training-induced reduction in the tactile minimal 2-point discrimination thresholds and its dynamics was first reported in the middle of the 19th century (Volkmann, 1858 ). Yet it was the subsequent association between tuning curves of single neurons along the visual hierarchy and the pattern of PL specificity, suggesting plasticity at primary or secondary visual areas in adults, which increased the salience of this field in the last decades.
Fiorentini's seminal paper (Fiorentini & Berardi, 1980) reported that learning to discriminate between patterns of gratings is specific to their spatial frequency and their orientation. Similar specificity to basic physical attributes of the trained stimuli was subsequently reported for motion discrimination (Ball & Sekuler, 1981) , detection of texture orientation (Karni & Sagi, 1991) , Vernier acuity (Poggio, Fahle, & Edelman, 1992) and other simple visual tasks. The focus of these papers was the ability to tap plasticity at early sensory cortical areas using behavioral paradigms. Although it was often assumed that low-level plasticity is driven by bottom-up mechanisms, further behavioral studies showed that typical practice based improvement, requires task specific training (e.g. Ahissar & Hochstein, 1993; Fahle & Morgan, 1996; Shiu & Pashler, 1992) . Ahissar and Hochstein (1997) manipulated behavioral difficulty of the simple orientation detection task, and observed that learning of easy cases precedes that of difficult cases, and is less stimulusspecific. They proposed the Reverse Hierarchy Theory, which asserts that with increasing demands of spatial accuracy learning progresses gradually from high-level cortices to lower levels. Thus, the bottleneck to naïve performance is not the resolution of low-level representations. Subsequent studies, in the auditory (Ahissar et al., 2009; Nahum, Nelken, & Ahissar, 2008) and visual (Jeter et al., 2009 ) modalities, indicated that behavioral ''precision'' may be a better characteristic than ''task difficulty''.
In the past decade, PL studies explored the conditions needed to obtain learning, and the conditions needed to increase generalization. The latter is crucial for any practical purpose, e.g. boosting perceptual skills of clinical populations, where the main limitation is the ability to generalize the gained improvement to novel conditions. Thus, Xiao et al. (2008) found that training task A at position 1 and task B at position 2 may suffice for generalizing task A to position 2 (''double-training''). Wright et al. (2010) found that although initial learning requires specific attention, subsequent improvement may be obtained with mere exposure. noted that temporal conjunction with a rewarding event increases learning of stimuli, even when these stimuli are not relevant to the performed task, and even when they are not perceived (Seitz, Kim, & Watanabe, 2009 ).
This special issue spans the diversity of currently studied topics in PL. Half of the papers explore the ''tricky'' interplay between top-down and bottom-up mechanisms. In the first three papers, the concept of incremental re-weighting, proposed by Petrov, Dosher, and Lu (2005) is assessed. Its main assertion is that learning stems from the gradual improvement of task-specific readout mechanisms rather than from modifications of task-general, lowlevel representations. Petrov and Van Horn (2012) show that after participants trained and improved their motion discrimination, the duration of their motion aftereffect (in the relevant stimulus range) does not change. This stability is interpreted as evidence against representational modifications. Liu, Lu, and Dosher (2012) trained different groups of observers with different proportions of easy (high accuracy) and difficult (low accuracy) trials. They found that introducing easy trials enables learning of difficult trials, as they predicted, and in line with several other conceptualizations (e.g. Ahissar & Hochstein, 2004) . Huang, Lu, and Dosher (2012) re-examined a modified version of the Fahle and Morgan experiment (1996) . Fahle and Morgan tested transfer between tasks using similar stimuli. In the revised version, stimuli for both tasks were exactly the same. In line with the original findings, they found no transfer across tasks. Performance of each task proceeded independently of learning the other task, in line with their re-weighting hypothesis. Wang et al. (2012) explore new conditions using their doubletraining procedure. While in their previous studies they trained with two similar tasks (contrast of oriented stimuli versus orientation discrimination), they now train with an unrelated task and find that generalization is more restricted.
In a series of three papers Xu, He, and Ooi (2012a,b,c) study the relations between bottom-up and top-down aspects in the context of sensory eye dominance. In the three papers they train observers to increase the strength of their non-dominant eye, as measured by the relative contrast needed to attain equated perception. In the first study they show that even though training was limited to a specific retinal position, the reduced eye dominance transferred to the homologous position in the other hemi field, indicating transfer to unattended positions. In the second study they apply a similar training paradigm to foveal stimuli. They find transfer 
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Vision Research j o u r n a l h o m e p a g e : w w w . e l s e v i e r . c o m / l o c a t e / v i s r e s from those trained) and spatial frequency (1 octave apart). Stereo acuity was subsequently improved to an extent correlated with the reduced eye dominance. In the third paper they apply a different training paradigm for reducing eye dominance. The novel procedure does not utilize an attentional cue, to further explore the mechanisms underlying this type of learning. Leclercq and Seitz (2012) explore aspects of task-irrelevant learning. Previously they found that observers who are asked to memorize scenes presented at the periphery while detecting a central target have better recall for the scenes which were presented in conjunction with the target. They now use two different modes of central task, with and without distracting stimuli and find that the improved memorization is disrupted in the absence of distractors.
Choi and Watanabe (2012) explore the role of feedback, by decoupling the feedback from the actual feature which they ask observers to discriminate. They find that the feedback itself can lead to improved sensitivity even when it is ''fake'' (administered without the stimulus).
Three papers study the impact of increasing stimulus variability during the training period. Such mixing, particularly of similar stimuli, hampers learning rate. Banai and Amitay (2012) test whether the mixing-induced reduction in learning rate, predicted by the Reverse Hierarchy Theory (Ahissar & Hochstein, 2004) , is consistent across training protocols and stimuli in the auditory modality. They denote conditions in which mixing may also contribute to learning. Hussain, Bennett, and Sekuler (2012) also test the benefits of mixing stimuli. They assess learning of visual textures with two set sizes, and find that when the training set is larger, although learning rate is slower, generalization is increased. Herzog et al. (2012) study the mixing effect from a different perspective. They suggest that it results from PL being driven by a reward signal. They propose that when similar stimuli are mixed, the reward signals are mixed since they are averaged across recent trials, and hence learning is interfered. In a following paper, Aberg and Herzog (2012) , compare some behavioral characteristics of PL and those of LTP (Long Term Potentiation), and point to similarities, suggesting that LTP may underlie PL.
Three papers address the question of perceptual speed. While classical sensory-motor studies mainly characterized response time, accuracy had been the major factor evaluated in many visual PL studies. Since perceptual speed also increases with practice, an important question is how accuracy and speed are related. Liu and Watanabe (2012) analyze the modification of the speed-accuracy trade-off with training using a diffusion model. They find that individuals' criteria also change with practice. Sterkin, Yehezkel, and Polat (2012) focus on training procedures that induce speeded performance. Specifically, they find that backward masking increases the efficiency of lateral interactions. Su et al. (2012) train observers to discriminate between specific face views. They find that the delay of the ERP component N170 (measured in the left hemisphere), which indicates face detection, is specifically shortened for the trained view, though its amplitude is not modified, indicating faster implicit detection.
The last two papers focus on specific populations, whose perceptual characteristics are very different. Bavelier et al. (2012) use imaging to compare the impact of moving distractors and of attentional load on brains of experts in action video games, who are very effective visual processors. They find that both motion sensitive (MT/MST) cortices and fronto-parietal networks of gamers are less activated by increased difficulty, in line with their better performance, suggesting improved early filtering mechanisms. Bower and Andersen (2012) compare learning of motion discrimination in younger and older individuals. They find that although older individuals are poorer performers, they show similar levels of practice induced improvement, suggesting that this population may also benefit from perceptual training procedures.
Collectively, this set of papers spans the currently studied questions in the field. It presents an important elaboration of recently presented concepts. Further integration of these concepts and observations remains the challenge of future studies.
